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1 . INTRODUCTION 


During the Apollo project, crew comfort in the Apollo Extravehicular Mobility 
Unit (EMU) was maintained by manual manipulation of a valve that controlled 
the inlet coolant temperature to the liquid cooled garment (LC6). Four inlet 
temperature selections were possible ranging approximately from 45°F to 80°F. 
During Skylab, similar comfort control was achieved by manually operating a 
valve which varied LCG coolant flow rate. 

The Shuttle EMU design proposal includes an 11-position manual valve to vary 
inlet coolant temperature similar to the method used in Apollo. Eleven inlet 
temperatures would be available for selection vs, the four previously available. 

Apollo experience indicates that some training is necessary to enhance the 
crewman's comfort and optimize his ability to carry a workload. Several ten- 
dencies were noted during lunar and Skylab extravehicular activities (EVA's): 

a. Some crewmen precooled themselves in anticipation of a high activity level 
and left the valve in the valve position selected prior to the activity. 

A high level of training is needed for such anticipation. 

b. Some crewmen tended to work at rates that were conducive to their comfort 
at some intermediate cooling level. They would slow down or stop and rest 
if they became too hot, or they would speed up or hurry to the next activity 
if they were too cool. 

c. At times, preoccupation with a task would cause a crewman to forget com- 
fort until excessive sweating or fatigue became imminent, and ground con- 
trollers would suggest valve changes. 

It was proposed that the manual control valve be replaced with an automatic 
one as a product improvement item for the Shuttle program. The automatic valve 
proposed would sense the normally measured parameters of LCG inlet coolant 
temperature and LCG coolant inlet and outlet temperature difference (LCG AT) 
for use in controlling comfort. It was further proposed that if computer 
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simulations gave encouraging results, that tests would be run on Apollo hard- 
ware in which the controller logic was simulated by real-time calculations. 

LEC/ASD was tasked with determining the feasibility of such a controller 
using Program J196 on the 1110 computer and to develop suggested control 
logic for testing. This memorandum contains the results of that effort. 

This concludes the requirements outlined by Action Item 46, Project 3030. 

The study was conducted by LEC/ASD, Dept. 641-11. 
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2. DISCUSSION 


2.1 CONTROLLER LOGIC 

2.1.1 GENERAL 

Using Program J196, the 41-node man program (ref. 1), a map of comfort can be 
plotted at steady state. Heat stored at steady state can be calculated for 
a grid of metabolic rates and inlet coolant temperatures at a given inlet gas 
dry bulb temperature, dewpoint temperature, and flow rate, and at a given suit 
heat leak. LCG coolant temperature difference (LCG AT) as calculated at steady 
state by the program can be plotted vs. metabolic rate for constant inlet 
coolant temperatures. At each plotted point, the heat stored at steady state 
can be noted. When the grid is completed, comfort boundaries can be inter- 
polated between the heat storage value as follows: 

Stored heat at comfort (Btu) = Metabolic rate (Btu/hr) - 278 ± 65 

13.2 

A series of these comfort maps have been plotted. An example of such a study 
is found in reference 2. An example of this type of plot is shown in figure 1. 

From plots such as figure 1, a relationship between inlet coolant temperature 
and LCG AT at steady-state comfort is established (figure 2‘. It was estab- 
lished by averaging together results from several comfort curves such as in 
figure 1 and modifying them to get better results while dc loping the con- 
troller logic. 

To develop logic for this controller, however, some transient data was needed 
in order to input to the controller how much variation in LCG AT was due to 
previous inlet temperature adjustments and how much was due to changes in the 
activity level of the crewman (metabolic rate). Therefore, a controller was 
simulated on the 41 -node man program which adjusted inlet LCG temperature by 
the heat storage of the body. This would be the ideal controller, but the 
hardware is not practical. Changes in AT vs. changes in inlet temperature 
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were determined as the simulated man remained at perfect comfort while being 
stepped from one metabolic rate to another. These points were then plotted 
and an average curve drawn through the points (fig. 3). This curve represents 
the expected changes in AT for every change in inlet temperature if the con- 
troller is perfectly tracking comfort during a transient in metabolic rate. 

2.1.2 METHOD 1 - USE OF FIGURE 2 


The logic of the controller using figure 2 was developed as follows: 





( 1 ) 


where AT. 

,n i 


= the adjustment signal to the final control element, T.. (set 
point for the inlet coolant temperature to the LCG), calculated 
from the method using figure 2. 


T in' 


T- 

in. 


= The proportional gain constant for the method using figure 2. 

= The current inlet temperature to the LCG. 

= The inlet temperature at steady state comfort read off figure 2 as 
a function of the currently measured AT. 


2.13 METHOD 2 - USE OF FIGURE 3 


The logic of the controller using figure 3 was as follows: 


where 



K 


2 




( 2 ) 


The adjustment signal to the final control element T^ n calculated 
from the method using figure 2. 

The proportional gain constant for this method. 

The changes in the inlet temperature based on figure 3. 
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ATin 2 is read from figure 3 in the following manner. dT.- n /dt is calculated 
{the changes in inlet temperature with time). dAT/dt is read from figure 3 
as the expected change in AT (SaT) during the same period of time. Since the 
same period of time is used, AAT is read as a function of AT^. The actual 
change in AT ( AAT') from the expected AAT is then calculated. A calculation 
of the deviation (SAAT) of the actual AAT' from the expected AAT is made as 
follows: 

•SAAT = AAT' - AAT (3) 

6 AAT is the main error signal for this method. Error derivitive and error 
integral compensation were also added: 

6 AAT = (aiT' - MT) + K 3 ~ + K^AAT dt (4) 


where 


6 AAT = AAT' - AAT (eq. (3)). 

Kg = the gain constant for error derivative compensation. 

j. (^AT) _ ^ error derivative compensation. 

K 4 = the gain constant for the error integral compensation. 

SAATdt = the error integral compensation. 

The total error signal 6 AAT is then used on the AAT/AT curve (fig. 3) to de- 
termine the adjustment to the final control element, T^, by reading AT.j . 
A?. is then applied in eq. (2) to determine the adjustment to the final 
control element supplied by this method. 

2.1.4 FINAL TOTAL CONTROLLER SIGNAL COMBINED FROM FIGURE 2 AND FIGURE 3 
METHODS 

The two methods described in eqs. (1) and (2) are then combined to give a 
final calculated value to the final control element, T. : 
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where T . "* is the current value of the final control element, the inlet LCG 
coolant temperature set point. 

2.1.5 NEGLECTED CONTROLLER CONSIDERATIONS 

Sensor response times, controller deadband, and speed of the final control 
element were neglected. It should be pointed out that the final control ele- 
ment is the set point for the inlet temperature to the LCG. Another controller 
would be required to operate the diverter valve bypassing coolant flow around 
the sublimator in the portable life support system (PLSS) to control the actual 
LCG inlet temperature. The delay and logic of this controller was neglected 
in the program and the inlet temperature of the LCG was set instantly to the 
set point required. 

Output differential and integral compensation were attempted in both methods 
(eqs. 1 and 2). Lack of time prevented the development of gain constants that 
would improve controller results and these items were not incorporated into 
the test logic. Error differential and integral compensation in method 1 was 
never tried for lack of time. 

Controller logic was based on Reference 3, pages 6-SERV0-1 through 6-SERV0-20. 

2.1.6 PROGRAM CODE AND SAMPLE INPUT 

Appendix A shows the program edits used to add tne controller logic to Pro- 
gram J196. A nomenclature list is included. 

Appendix B shows the input used to develop the necessary calculations from 
program 0196 to do the required pretest predictions. 
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2.2 CONTROLLER LOGIC VERIFICATION AND PRETEST PREDICTIONS 


A 40-hour metabolic profile was run on the J1 96 program, and values for the 
gain constants K^, Kg, Kg and K^ were varied to obtain optimum controller 
action. Figures 4 and 5 show the best results that were obtained before an 
actual hardware test of a simulated controller was run. Figure 4 shows the 
metabolic profile vs. time. On the same graph, the controller selected inlet 
temperature and the resulting LCG AT are plotted. Figure 5 shows the resulting 
heat stored vs. time and how it compares to the comfort limits. On the same 
graph, controller action is shown by a plot of LCG inlet temperature vs. time. 

The best values for the controller parameters resulting from these computer 
runs were as follows: 

a. Values for the inlet temperature vs. LCG AT at steady state comfort were 
taken from figure 2. 

b. Values for AAT vs. AT while tracking perfect comfort were taken from 
figure 3. 

c. Values for K-j , Kg, Kg and K^ were set at 0.085, 2.6, 0.0000001 , and 0.01, 
.respectively. 

Pretest predictions of the controller test profile were run using the best 
controller logic achieved to that point. Metabolic rate levels were proposed 
to be 15 minutes each of 800, 2000, 400, and 1600 Btu/hr. Results are shown 
in figure 6. This graph shows heat stored vs. comfort limits. Valve action 
is shown by plotting inlet LCG temperature for expected test conditions. Re- 
commendations for the test simulated controller included the following: 

a. Set point values for the two curves were set at the figure 2 and 3 values 
as before. 

b. K-| , Kg, Kg, and K^ values were set at 0.0952, 2.912, 0.0000001, and 0.01, 
respectively. 
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3. CONCLUSIONS AND RECOMMENDATIONS 


3.1 CONCLUSIONS 

It can be concluded from computer simulation that crewman comfort can be assured 
by using automatic control of the inlet temperature of the coolant into the LCG 
when input to the controller consists of measurements of the LCG inlet tempera- 
ture and AT. Subsequent tests using a facsimile of the control logic developed 
in the computer program confirmed the feasibility of such a design scheme. 

Automatic comfort control has been demonstrated as a desirable product fnprove- 
ment. It is not a design requirement. 

3.2 RECOMMENDATIONS 

This controller should be fabricated and tested if funds can be made available 
for product improvement or if some reason is discovered that makes the inclu- 
sion of the device mandatory. 

Design of the controller should include manual adjustment for shifting the 
curves from figures 2 and 3 to conform to physical changes such as a heat leak 
or inlet suit ventilation conditions and to compensate for personal preferences 
in comfort level. Design provisions should also be included in the PLSS hard- 
ware to allow that the controller be bypassed and that manual control of the 
diverter valve be available. 

Final values of K-j , Kg, Kg, and K^ should be determined by test. Final values 
for curves 2 and 3 can also be fine-tuned in testing. Output differential and 
integral compensation should be tested on both methods and error differential 
and integral compensation tried on method 1. 

Recommendations for controller logic considerations were taken from reference 3, 
pages 6-SERV0-1 through 6-SERV0-20. 
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APPENDIX A 

PROGRAM EDITS TO MODEL THE 
PROPOSED CONTROLLER 
(NOMENCLATURE LIST IS INCLUDED) 



J^RODl'CMUTY OP tub 
.BHGINAL PAGE IS Pfinp 


® POOS 


Cl?S 

7*** 


• 

CC Th (DC) .CCMCPF <SD) 



coauai 

r CI?L 

7 S* 


Li IMFHSI0N CCULULI16 ) ,CLPTkI t 16) 



NEWOOOOtn 

- C 1 2 7 

76* 


DIMENSION CCDELT (12I.CC PL DP (1?) 



NENonODQl 

D1 27 

77* 

C 

IF 

ANY CURVE DIMENSION IS CHANGED CPvT? MUST 3E 

PEDIWENSIONEO 


uoonoi 

^01 ?7 

7S* 

c 

IF 

NEW CuPVES ARE ADDED NCR V , I C r VP , Ch V S , AND CRVl SH0UL06E UPDATED 


oranoi 

rone 

79* 


EQUIVALENCE t CRVLC1 IfCQASKBJ •( CR V L ( 2 I , C MODE > , 

( CPvL (3) , CTGIN) , 


C03301 

rrm 

FC* 


1 

t CPVLt 4 ) » C TPE W ),I CRVL ( c > , C T .. I >, 

( C Rv L ( 6) ,CPCAP ) , 


unuoui 

01 l . 

is 1* 


2 

( CK VL ( 7 ) , CP5C ),( C R VL ( PI, CPI? ), 

(CRVlI 9 ) , C d H I, 


nouooi 

C13G 

P2* 


3 

( CRvLUJitCurrF ),< crvlud.c.f ), 

( C p V L ( 1 2) , CCFMS >, 


LlOJOUl 

01 30 

P3* 


4 

( CR VL( 13) ,CAKS ),( FRVl(IO) .DAKS ), 

( CPVL(IS) , CTOEhCl , 


COOO&l 

C01 30 



5 

» CR VL( 16) .CTCJ3 ),( CR VL ( 1 7 1 , C V CAB )- 

( C D V L (18) , C TW ) 


uOqudi 

C 0 1 3 1 

65* 


tOU I VALENCE ( ICR VP C 1 ) ,\P C A SB I , (I rq VP 1 2 > .'.RHODE ) 

» (ICRVPI 3) , NPTGIN) , 


unoooi 

01 31 

8 6* 


1 

(ICR VP ( 4) ,NPTE F») , I 1CRVPC c I , A'PTwI ), 

(IC°VPi 6 ) , NRPC A 8 ) , 


000001 

Cl 31 

27* 


2 

(ICRVPI 7) , NPo.'C ) , ( ICR VP < PI.APP02 ), 

UC&VPC 9 ) , NPR M ), 


auGOQi 

CC1 31 

fp* 


3 

(ICR VM 1J) , N P U i FF T, t ICR VP l 11 ) ,MP 0 F ) , 

( ICPvP( 12) 1 NPCFMS) , 


UOOOOl 

on 3i 

B9# 


4 

(ICR vriU),NPAKS ) , C ICRVPCl** ) tOPAKS ), 

(ICRvPllb) jNPTOWC) , 


Goaooi 

0121 

9 f> 


r h 

(ICRVPllfel.NPTCAi >, ( irSVP(17) .NPVCAP) , 

(ICPVP(IS) ,NPTW ) 


DOOOUl 

01 22 

91* 


EQUIVALENCE! CPVSC 1* l)tCC% ASP II. 1J ) , ( C P V5 ( 1 . 1 1 ) 

, CC w 0 DE > » 


caoooi 

CO 1 32 

92* 


1 

( CPvSt 1,12) ,CC TCI N) , (CRVSU, 13) 

, CCTDE w ) , 


OOU3D1 

C 0 1 32 

93* 


2 

( CRvS( 1, 14) , CCUI ), C C^VS Cl, 15 > 

, CCPC AB) , 


oncooi 

"01 22 

9** 


3 

( CPVS ( 1*161* CLP'jC ), ( CF VS 1 1 * 17 ) 

, CC PO 2 ), 


c^onoi 

ri32 

95* 


4 

( CR VS ( 1 , 1 6 ) , CCRM ), IL°VS 1 1* 19) 

.CCUEFF) , 



CC \Z2 

96* 


5 

( CRvS ( 1,20) ,CC«f ), (CP *3(1, 21) 

, CC CF MS > , 


00 00 u 1 

T0132 

?7v 


6 

( CPVSU ,22) .CCAKS 1, ( CP VS 1 1 , 23 > 

, DO AK 5 ), 


aocooi 

re 122 

9&* 


7 

( CP VS (1,24) , CCTCvC) , ( CP VS ( 1 » 2S > 

, CC TC AB) , 


uouoai 

- C 1 22 

99* 


8 

C CR VS (1,261 , CCVCAt) , CCRVS ( 1, 27 ) 

, CC Trf ) 


□ouaui 

' G 1 33 

ire* 


DATA (TSET (I) .1 = 1.41 1/96 .c,57.K,«7.C», 96.6,08.6, 

9P. 3, 95.9, 94 .4 ,96. 1 , 


unuoai 

CC1 3 3 

101* 


* 

95 .1 , 94 .1 ,93.7 ,96 #1,95 .1. 

94, 1,93.7, 97.6,96.5, 


03D00 1 

CC1 ^3 

102* 


• 

95. 1,94. 5, °7. 6,96.5,95 .1, 

94.5,95.9,95.7,95.6, 


DGD0U1 

i Cl 33 

ic:* 


« 

«5 .1 ,95.9,95.7,95.6,95.5, 

55.3,95.5,95.7,95.5, 


00J0U1 

! 01 23 

10^* 


• 

95.v ,°5.7t95.5,9d .5/ 



— U0G001 

01 25 

If 5* 


DATA { C II ) * I - 1.41J/6.67 . I#43£ p ri # 496» r| .535t20«9* 

34.9, 9.42, 2.69,1 ,3ts2 


000001 

lOi 3 r 

i n 6 * 



,3.i r ,' 1 .t4“,f’.«*3u,i.?S2,3.3S, 

1). 644 ,0.484,4.4, 10.2 


C000U1 

L C 1 3 : 

3 C 7* 



,1.S?, 1.197,4.4,10, 2, 1.56,1. 192,0. 1566,0.07 38, 


G00001 

f 01 3" 

l~P* 



0 . U? 9 2 , 0 . I 6 4 , r . 1 5 f. e , P . -J73 8 , 3 

.0992,0. 184,0.2645* 


OOdDOl 

: C13S 

109* 



0.0738,0. 14o,n.?47 ,0.264 S,U. 

0738, 0.148 ,0.247, 


onooiii 

01 3 r . 

111*' 



4.94/ 



OQuOQl 

00137 

111* 


OA T A ( PCf 10( J) ,J=1,5 )/ .2, .125,. US , .275,. 275/ 



2 00001 

L 0 1 4 1 

112* 


DATA NB/71*0 ./.ARI/15.5/ 



000001 

' 01 ^ 

1 1 3* 


DATA (CCDELT ( J) *<J=1> I2)/ 7.46,9n.r',l «51,SC.n,?.7S.7P. 0, **.05,60.0, 


newu^jooi 

01 *<* 

11 


1 

5.37, 5f .C, b. 75,40. CV 



NErfOrooui 

C14^, 

11 c * 


DATA (CCDLDLt Jl ,J = l,16)/-4.C,,:?.5,-l.< f o.D,-C.o 

,5.P, 0.D,D.0,0.4, 


NEUJCG^Gl 

: c i u ^ 

116* 


1 

-3. r. u. 9. “7. «i,2. 1,-1 5. n 

,4. 4. -30.0/ 


NEwO n J001 

Loire 

11 7* 


DATA (CCD TUI ( Jl, J=l. 16) /-3'. . 0 ,4 . 4 , - 15 .G , 2 . 1 , -7 . 

u .0 I, , *3 .0,0. 4,0.0, 


NEW JOOOul 

C 1 c 0 

IIP* 


1 

G. n ,S.?,-0.5,9.r,-1.2.27.5,-4.D/ 


NEw OCODO 1 

. ri"2 

119* 


DATA PEL I * f / 2P. G/ 



Ntwooonoi 

; ci r 2 

12 2* 

c 



... 


oDcaui 

l Cl f *2 

121* 

c 

DLFIMTION OF bODY SEGMENT TEMPLPATuRE SUPSCRIPTS 



uOGOOl 

ixn*2 

12 2* 

c 

Ten 

= HEAD COiE T 1 2 ) = HE Ab MUSCLE 

T ( 3 ) = HEAD FAT 


GD00J1 

r cis 2 

123* 

l 

T i 4) 

= HEAD SKIN T(5) = T*UNK CORE 

T { 5 ) = TRUNK MUSCLE 

0CD001 

l 0 1 E 2 

124* 

c 

T 17) 

r TRUNK FAT H fO r TRUNK SKIN 

7(9) = RIGHT ARM 

CORE 

oorooi 

■ Dl c 2 

125* 

c 

Tilt!) 

r RIGHT ARM MUSCLE T(U) - °IGHT ARM FAT 

T ( 1 2 ) = RIGHT ARM 

skin 

00C001 

f 0 2E2 

126* 

c 

7(13) 

= LEFT ARM CORE TIH) r LEFT ARM MUSCLE 

T 1 1 5 ) = LEFT ARM FAT 

GHDOOl 

LC152 

127* 

l 

TU6) 

= LEFT ARM SKIN T(I7) = RIGHT LFG COPE 

TU81 = RIGHT LEG 

MUSCLE 

oooaoi 

: oi C2 

178* 

c 

fnv) 

- RIGHT LLC. FAT T(20> = PIGHT LEG SKIN 

mil = LEFT LEG CORE 

C00001 

CJ c 2 

129* 

c 

7(22) 

= LEFT LE 0 MUSCLE TI23) = LEFT LFG FAT 

T ( 2 4 ) = LEFT LEG SKIN 

000001 

0132 

13 C* 

c 

T l 2 3 ) 

- RIGHT HAND CORE T ( 26 ) = RIGHT HAND MUSCLET(27) = RIGHT HAND 

FAT 

000001 



CP3C2 

362* 

C 

SO THAT CRANE CAN STEP PORE ACCURATELY 



LG304 

303* 


CALL DISCON 



CC375 

3C9* 

245 

continue 



CP2P6 

30E* 


tNElCNX-.TPUE . 



20307 

3C 6* 


JT=JT*1 



cno 

30 7* 


XHATAPIJT J^SETI/60. 



:*03 u 

30H* 


IF l JT .Eli . 1 >R0 TO 297 



n 3 1 1 

309* 

C 

PUT THE XHAT VALUES IN ASCENDING ORDER 



cri3 

311* 


CALL ASCEND 1 XHAT AR ,JT ) 



CC214 

311* 

247 

CONTINUE 



C031S 

312* 


XH A T- XHA T AR t 1) 



C03 1 fa 

313* 


IXHri 



C0317 

314* 


PPtC-5. 



■ T32 ; 

315* 


IF 1 1 CO ND .EO . 0) PREC=3* 



■ 0222 

31 6* 


GL6 T -- 1 * 



C323 

317* 


DT IME-DT /6D» 



0.^4 

31 E* 


f* I N - 3 



LC525 

319* 


VPPCAE =: VPPiTDLuC) 



6 0326 

32 r * 


SPHCAB-VPPCAb*18/ (PCA3*29, J 




.0327 

321* 


T0TCO?=0.0 



0333 

32 2 * 


TOT02=3. 0 



C3 31 

32 3* 


TCTwCN=0.0 



60732 

329* 


FD.TR=O.C 

— 

- — - — 

CPZ33 

325* 

B 3 7 

CONTINUE 



. r:34 

3 2 6* 


H-D TI^E 



o^z: 

327* 


IKITL=0 



’ C336 

32t * 


HC = H 

— 


*' 03 3 7 

32 4* 


AP-flPI 



C341 

33 n * 


IFt^COE . G T * G) AR r AC 



rj 4 7 

33 1* 


IF (MC-DOl) 21 r 22,23 



20345 

332* 

21 

kPITM 6. 117) 

— 


C C347 

33 3 * 

117 

FORK AT ! It* ,1 7HSHIRTSLEE VES HODE/l 



f 03-0 

33 4 * 


GO to 26 



G2S1 

3 3 5^ 

22 

*RITE(6iI16) 



LC25 3 

33 6* 

113 

FORMAT! 16X, ISHNORKAL SUITED MODE/) 



« 

6 C 3 r 4 

33 7* 


6 0 T il* 26 



: 0355 

33r<* 

23 

IF (MODE .GT . 2) GO TO 24 



CC357 

339* 


LVA r , TRUE • 



102 1C 

34 0* 


rf&ITE (6 , 119 \ 

- • — 11 • 



035? 

34 1* 

119 

FCRMATI21X, 8NEVA MODE/) 



LC3 1- 3 

742* 


bO T C 26 



L 0 3 £ 4 

34 3* 

24 

»RITE(6 t 1?U) 



LC315 

344* 

120 

FORMAT (13X.27H SUITED HITH hELHET OFF MODE/) 


L 0367 

345* 

26 

IF (IPLOPJ « RITE U, 10(T1 ) 



* 0272 

34 6 * 

1001 

FORMAT ( 16X, 1 2HP0ST LANDING) 



60373 

347* 


IFt.NOT. I PL OP ) GO TO 1717 



C C375 

34ft* 


*PI TEtfc, 1702 JRLAS.TATMf VCLCAb,P02A ,PN2A .CPA.NUMEN .1 

P A f ARE AW 

60373 

34 9* 


* TOEnA t CFMC 



' 04 1 2 

35 r * 

no*. 

FORMAT ( * ATMOSPHERIC GAS CONSTANT, LbF 

-FT/< L6H-DEG 

R) 

' 04 I? 

35 1* 


1 • ORTJULB TE M P. OF ATMOSPHERE, 

PEC * r 


rc4 12 

352* 


7 • VOLUME OF CAP IN, CU FT 




6041? 

35 3* 


3 * ATMOSPHERIC OXYOFN PARTIAL PRESSURE, PSIA 


1 04 12 

35 4* 


9 * ATMOSPHERIC NYTRCGEN PAHTIAL 

PRESSURE » PSI A 

; 0412 

355* 


S * SPECIFIC HEAT OF ATMOSPHERE, 

ETU/tLBM-DtG 

FI 

rot i? 

356* 


fa * NUMBER OF MEN — 



(04 12 

357* 


7 * ATHOSPHLRIC PRFSSURE, PSlA 



i C4 1 2 

356* 


6 • CABIN HALL AREA, SO FT 




U 00222 
00G225 
0^0225 
GP3226 
Q0C231 
GCG235 
G3323S 
006240 
00(7245 
- 00 02 4 5 


0GG246 

CCU250 

bP 0252 

Q n 0236 


000260 
□30263 
00026 5 


GPG271 
CDG276 
PCG277 
670 300 
000301 


000303 

003303 

603334 


NE*CP0305 

00C3J7 

CCC311 


000316 
G0 r J322 
UDQ 32 7 
00 C 327 


u3u 3 3 1 
CO 03 35 
000335 
000337 
000342 
O n 034 4 
C703S1 
GO 035 1 
CO0353 
- - OC0360 


CO 03 cj 0 


GC3366 
GO 036 6 


0003 7 Q 
GCC370 

00C411 
0004 1 1 
■ G0041 1 

OOG41 1 
□00411 
C0C411 
- 000411 

CO 04 1 1 
C 0 U 4 H 



3L0 2 

5B7* 

' ICC** 


■ itos 

S89« 

10C # - 

5 9 

LU'CT 

c 9 u 

run 

S92* 

C1CI1 

592* 

L 1 C 1 2 

5 94* 

' 1 0 1 V 

595* 

L It 17 

596* 

nt2i 

59 7* 

r 1023 

S9c# 

C1L25 

599* 

, 1C27 


: R51 


C It 73 

eo2* 

CR34 

533* 

-KU 

6C4* 

C1LZ6 

605* 

: 1 c 3 7 


C1341 

6 r 7* 

tlC* T 

6re^ 

riu***i 

C 'iftf 

Cl : 4 7 

6 l 

i: s ; 

611* 

K = 2 

612* 

LRC4 

613* 

C ITS* 

614* 

L 1 L 6 1 

t 15* 

' IZ*Z 

616* 

I R c * 

617* 

. 3 1 * 5 

6 1 B * 

C1L67 

619* 

Clf. 70 

6 2 0 

C U 7 1 

t 21* 

1 1072 

*2 7 * 

c R73 

62 5* 

» 1 L 74 

624* 

l ! 3 75 

62 5* 

C V 7& 

6 2 6* 

OIL 77 

6 2 7 * 


62 6* 

r nci 

62 

1102 


r 1107 

631* 

UT4 

63 2* 

31 K c 

6 3 3* 

C11C:. 

634* 

: 11 !'7 

635* 

. 1 11 r ’ 

636* 

i 1 1 11 

637# 

01113 

63t * 

i 11 R 

639* 

l-l 116 

64C# 

Cl 117 

6414 

C 1 122 

642* 

CU21 

643* 


►.RITE <6, 99) 
MODE C=MODE 
MODE-KODEC 


£ VA=. FALSE . 

CO TO 667 
£86 CONTINUE 

ir (CTCIN) CALL LAGIN 
IF (CTCEh) CALL LAGIN 
IF (CTi.1 ) CALL LAGIN 

IF ( CPC A e ) CALL LAGIN 

IF CCPGC ) CALL LA3IM 

IF ( CPU2 ) CALL LAGIN 

IF (CPM ) CALL LAblN 


< 1 ,CCTGlN,NPrGIN,2,TIME»TGIN) 
< ?,CCTUFi,,NPTDEk,2,TIPE,TDEk) 
( I.CCThI ,‘.'PTk I , % TIME, TUI) 

( 4 , CCP C A 3 tfJ-’PCAG ,?,TI*E ,PCAP) 
! E T CCPGC,vPPGC,2 f TlM£ ,PG) 
t t,CCPu?,NPPG?,2,TIME *P02 ) 
l 7,CCRN,NPRM ,?,TIPE*RH ) 
(£,CCULFF,fjPuEFF,2,TIWE,UEFF) 


IF (CUEFF) CALL LAGIN 
IF (.NOT. CWF ) GO TO 3 Q 0 


»FCLC- *F 

CALL LAGIN I 9 ,CCWF,NP«F , Z, TIH£, RF ) 
vCiOT1=rOuT1*wF/wFOlD 
33U CONTINUE 

IF UCFPS) CALL LAGIN < 1 Z , CC CFH S , NP CFM S » 2 « T IMF , CFMS ) 

IF ( .KOI . CA KS) GO TO 7Ij 

CALL LACIN ( 11 « CCAK S,NP *¥ S, 2 , Tl*E , AKiT » 

LO 726 1 = 1, 1G 
A K 5 ( I ) =AK ST 
725 CONTINUE 

IF (DAKS) CALL LAGIN<12,COAKS,uPAKS,2,TirE,AKS<ia>) 

73'! IF (.NOT. COASRB) GO TO 400 
DO 726 1=1, 1G 

CALL LAGIN I I 3,CCCASP II » I> ,NP«ASS ,2»TIHE ,0ASP9 II )l 
72t CONTINUE 

4 I j CONTINUE — 

IFITPAN .OR. 10. EU. 0) GO TO 430 
CALL TMATRX 
43-. CONTINUE 

CLTA TI=CLLTA T 
h 1 LPLT =kDLDL T 
CALL SUIT 


0ELTAT=T»O-TwI 

T«I1=TUI 

DLULT=DELTAT -PLTAT1 
t DLPLT=EDLDL T*H/HO 
CL PL T =0 LO LT -ECLGLT 


cm oi m full L-l t«h/hO)/h 

TOL r, LT = TULUL T+ - DlOL T 
Vif'LOLT =WOLOL T+DOLDLT* i. TlfTDLPLT 
CALL LAGI»(9 .CCDLDL ,o,7',- ^L - T s - LT -r n TWl I 
T W I = T W I ♦ 2 • 6* 3Ta I 

CALL LAC- IN (9 .CCDLLT , o , 2 ,C E L T AT , T vl 2 ) 

T„I2=T»Il*0. C35*tTkI2-T»Il) 

TWI = (T«)I*TWl2>/2.r 
IF (TV.I.CT .90 .C>TwI=9J.„ 
i F ( T *► I »LX ,4U.n)TuI = t *j.rj 
DT«I = TkI-T‘,.I 1 

CALL LAGIN! 1C,CCDT«I , 6 , 2,PTWI,tOLDLT ) 

HO=H 

U2RATE= t " . 0 CO 1 7U8- ! IFU -P.707)/ P* .293 *0.0000123) >*RM 
C02RAT=02RATE*44.Ci/32. 







U01226 

001233 

4*01235 

001237 

001240 

001242 

U01242 

001253 

UQI265 

001277 

001311 

001323 
001335 
U01347 
001361 
021T63 
0ni3t5 
UP 13 75 
uO 1 402 
uO 14 02 
001413 
U01415 
- 001430 
UO 1430 
OP 14 32 
0P1432 
— O n 1445 
001452 
001452 
OP 14 b 7 

U01467 

GO 1 4to 7 
UO 1 4 74 
001477 
NEkJO 1477 
NEVCjniSOO 
001502 
NEu jf)1504 
NEWGP1607 
NEC J01S1 1 
NE4 301513 
NE4CP1517 
NEt,uO 1521 
NE4J01530 
NEk (.01533 
NEk 001 537 
NEk GO 154 7 
MEW 001553 
NLk UO 1563 
NEktP 1570 
NEWG0I573 
NEnOOlSOl 
NEWU0I607 
NEWG01612 
NEWu01622 - 
UO 1624 
001633 



7 01* 


KOUMR = K0UNTR + 24 „ 

002135 

\2 4 r i 

7C!2ft 

704 

IF (IHPAIP .AND. OSTOR .GT. 1"00) GO TO 706 

JP2 141 

o 1 2 ^ 7 

7^3* 


CO TO 70S 

0P2I51 

C 125*3 

73* ft 

716 

IF (KOUNTR .GT. 24) CO TO 70V 

002153 

Cl 2 52 

70S* 


-RITE (6,632 ) 

002156 

12'* 

7^6* 


►RI TE ( 6 , 601 ) 

002163 

125> 

7^7* 


CO TC 714 

002170- 

12^7 

728* 

7 O'? 

hRITE(6 ,99 ) 

U02172 

C1261 

7C 9 * 


»RITL(6,601 ) 

0021 76 

G12?3 

710 

714 

►RITE (6,603) 

002204 

# j 1 2 e s 

711ft 


TERM-. TRUE. — 

002210 

■ 12^6 

712* 


60 TO 14 

002212 

_ 1267 

713ft 

7 to 

CONTINUE 

002214 

F 127} 

714ft 


nKITE.46,113) PTIH,TG0UTS,SHS0,T(1) ,T(72) , TI S A V , TO SA V ,Q TSUIT , S OUG , 

002214 

C12 7'! 

715* 


ICE VAP, TOIL, S TOR AT ,C’SHI V ,L'STOK 

002214 

Cl 1 Z 11. 

716* 


5U8DT = SURQUT - SUFIN 

-01002236 

i : 1 1 

717* 


UTPP -76 0.0/1 4.7 *F H20 SO 

002241 

1312 

718* 


7DE.0T=DEwPT (PTPR) 

002244 

V 1313 

719ft 


OTPPI=PG»SHS Of 32.0/16.0^760.0/14.7 

UPZ250 

: 1314 

72 C * 


TOWOTl-DEWPT (OTPRI > 

002257 

C 1 3 1 6 

72 1ft 


5ATPRS-VPP(T GOUTS) 

002263 

013 16 

722* 


RELHuH-PH205 J/S ATPRS . „ . 

0P2267 

U ! 3 1 7 

723* 


IF(LCG) wPIT Elb,999) T . I , T k 0 , OELT A T , TOEW , T6 IN , TOT P2 « TO TC 02 , TOT uCN , 

... _ 002272 

- 3 3 17 

724ft 


1 rOhTF , R H , WF 

j)12 272 

13 3' 

725ft 


UAMELIST/VOl/Thll ,DLTAT I.DLP lT ,VDLDLT, DTkI,E0LDLT,TWI2 

NE4UGZ314 

13 3- 

72 6 ft 


t»R I Tt ( 6 ,»01 ) 

NEWG02314 

01IM 

727* 


IF t MODE .EG. 1 .OR. Mu RE . E „ . ?) h» I T E ( 6 , 2 DO? 1 HC02MH 

— G02320 

0 1 3 9 J 

72e* 


IF ( IPLOP ) hRITE<fc, lo03 ) TCAc,T0EWC,CC2MMH 

002342 

f 1 3 c 3 

729ft 

1603 

FOR H AT (15 H CABIN TEMP =,F7.? t 6H DEG F,18H DEWPOINT TEMP r. 

uO’2354 

v 1 3 " 3 

7 3 Pft 


1 F7.2, 6H EEC F » 1 7h c02 PRESSURE =,F7.2, 6H MM HG/) 

002354 

L 1 3 9 « 

7 31ft 


ULATTR = CLAT(l) ♦ OLAT(E) ♦ 0LAT(2) ♦ CLAT(3) ♦ PLAT<6) 

• — 002354 

o 1 3 c S 

73 7* 


IF (IPLOP) GO TO 1 6 05 

U023o2 

0 1 3 ff . 7 

73 3* 


IF (K0UM9 .EC. 48) 30 TC 16u6 

002364 

: 

7 3 4* 


KOUMR = KOUNTR ♦ J 

002367 

"13:2 

735^ 


SO TC 1608 — 

U02372 

13^3 

7 3 fc ft 

160u 

-RITE 16,112) 

002374 

Cl 365 

737ft 


KOUNTR = 0 

. C02430 

0136- f, 

7 3 P t ft 


LO TC 16C3 

G024G1 

.13 6 7 

739ft 

1605 

IF (KOUNTR . EG . 48) GO TO 1607 

— 002403 

: i37i 

7*0 


KCUNTR - KOUNTR ♦ 4 

0R24o5 

r J 3 7^ 

74 1ft 


CC TU 1623 

c n 2410 

C1373 

74 2* 

165 7 

►RITE (6,112) 

U02412 

C 1 3 7 0 

74 3ft 


KCUNTR r P • — 

002416 

.1376 

7 4 4* 

1605 

IF I TRAN ) GO TO 490 

002420 

1 <. C 3 

74 6ft 


ASSIGN 14 TO IJM 

002421 

1 1<* 31 

74 6ft 


ASSIGN 12 TO I JMP 

U rl 2423 

Li^r? 

747* 


co to 7ee 

u n 2425 

G 1 <- f i 3 

74 6* 

4 9., 

continue 

002427 

2) 1 M * 

749ft 


I F ( J T .EC. G .OR. E NOON X ) GO 10 915 

C02427 

t 14 06 

750 


IXH=1XH+1 

002434 

014 7 7 

75 1 * 


IFtlxH ,LE. *)T ) 60 TO 911 — 

— GC2437 

14 11 

. 752ft 


JT -2 

uD2442 

1412 

75 3* 


CO TO 915 

002443 

01*13 

754* 

9U 

t NDONX -.TRUE . 

UP2445 

•J 1 4 1 4 

755* 


X HA T-XHA T A R ( IXH) 

002447 

lil 4 1 5 

756* 

916 

CONTINUE _ _ 

002452 

v 1415 

75 7< 

C 

CHECK IF CRANE HAS SET THE FLAG ENQ0NX TO FALSE 10 INDICATE THE 

□02452 



NOMENCLATURE OP VARIABLES APPEARING IN CONTROLLER EDITS 


Program 

name 


CCDELT 


CCDLDL 

CCDLDP 

CCDTWI 

DELTAT 

DDLDLT 

DLDLT 

DLTAT1 


DTWI 

(first 

appearance) 


DTWI 

(second 

appearance) 


Document engineering 

symbol Description 


Figure 2 
Figure 3 


not currently 
used. 

Figure 3 


LCG AT 

dAAT/dt 

AAT or 
dAT/dt 



Curve of LCG AT vs. inlet temperature at 
comfort (both in °F). 


Curve of change in LCG AT vs. change in 
LCG inlet temperature while tracking per- 
fect comfort with the changes in inlet 
temperature as the dependent variable 


(all °F). 


Curve of change in LCG AT vs. change in 
LCG inlet temperature while tracking per- 
fect comfort with the change in LCG AT 
as the dependent variable (all °F). 

Difference in the liquid cooled garment 
inlet and outlet coolant temperature (°F). 

Error differential compensation (°F/hr). 

Change in LCG AT with respect to time. 
(Time cancels out on the AAT vs. AT curve) 
(°F)/fir or °F). 

Difference in the liquid cooled garment 
inlet and outlet coolant temperatures 
calculated in previous time step (°F). 

The adjustment signal to the final con- 
trol element using method 2, figure 3, 
eq. (2). 

Final complete adjustment signal to the 
final control element*T- . 

• in 



NOMENCLATURE OF VARIABLES APPEARING IN CONTROLLER EDITS (Continued) 


Program 

name 

Document engineering 
symbol 

DTWI 

dT. /dt 
in' 

(second 

appearance) 

EDLDLT 

aaT 


H 

dt 

HO 


RDLDLT 

/SAAT dt 

TWI 

(first 

appearance) 


TWI 

(second 

appearance) 

T in 

TWI1 


TWI 2 


WDLOLT 

6 AAT 


WILDLT 


Description 

Changes in LCG inlet temperature between 
current time increment and last (°F/hr). 

Expected change in LCG AT (dAT/dt ) 
that would accompany a change in LCG 
inlet temperature if perfect comfort 
were being tracked (°F/hr). 

Current time increment (hr). 

Previous time increment (hr). 

Summation of 5AAT times the time incre- 
ment (°F/hr). 

New position of the final control element 
as calculated by method 2, figure 3, 
eq. (2) (°F). 

New position of the final control ele- 
ment (°F). 

Position of the final control element 
at the previous time increment (°F). 

Position of the final control element 
as calculated by method 1, figure 2, 
eq. (1). 

Deviation of the actual change in 

LCG AT from the expected change in LCG AT 

WDLDLT at the previous time increment. 



APPENDIX B 

INPUT TO PROGRAM J196 TO BRING ABOUT 
THE NECESSARY CONTROLLER PRETEST PREDICTIONS 
AND EVALUATIONS 



• EL T , ULL DATA: 


ELT 007 

PL71 

-2 C9/18/76 00:20:50 

ocoai 


c *c 

* INPUT 

i 003? 


o-io 

H0DE=2, 

re ..Q7 

NEk 

b?Z 

M03L = 1, 

c-cgoo* 


r:c 

Cf. , 

rococ c 


C J2 

RM=lCDU.Ot 

• DC 0 G 


cm 

U£ F F -0 • t 

CDC37 


C-’Ci 

AC - 19 • 3 » 

DC03 5 

NE d 

c )Z 

AP1=19,5, 

CCD DO 

-oi 

czu 

u-C * i 


C 0C013 L J'J ALUG=D .0141, 

COClCll CoU AKUb-.046, 

*00012 C D eug^d.r. 


PC: cm 


Lwl 

ARSuIT=?.39 ,2.22 

0 0 D 0 1 r 


on 

ALS = 9*»0C7B».L ! 21 

cream 


C‘j1 

AKS=5*.U0C383,.O 

r PG017 


con 

E0S=9-*C.91,.G2» 

0001ft 


u'l 

CIS- 1G*G .90, 

s c^m 


rn 

>5=15.60 *1.39,9. 

LPL023 


2 :l 

CP5=9*U. 22,0.30, 

' 0C021 


•j ;u 

fcASf:E = 10*3Q8. , 

T CCC22 

^E^ 

L 12 

0 AiRb = 10*120.0, 

cra2: 


C "0 

*F=O.D, 

0lQ2* 


; ro 

V0LHHT=0.15fc8 , 

0 L 0 2 c 


CIO 

CF*ib=fe. , 

rcr 025 

NEW 

L ?2 

CFKS-5.9D, 

L0DC27 


0 JJ 

ToIN=fe3. , 

l 0C02 C 

NEW 

0 J2 

1 5 i f.= 15 . C, 

i 


* "G 

TOE * -SO . , 

; cr c 


CZ2 

TDSb-US.C, 

OCLiil 


: -j 

CP G = li • 22 , 

crc^?2 


. JG 

PC-^.bv, 

0011033 

NO* 

07 ? 

Pf.:4.D, 

OCCP ?4 


L-U 

F«>2 = 2.f,5, 

r ro 03 c 

NEW 

r J2 

PC2=9 • J , 

? nios'b 

F*EW 

L 12 

LCl>-T , 

: 0GC37 

-PI 


WF=2HJ. , 

CCG^3 C 


L JC 


C CGO 3 9 

NT w 

C C2 

Tbi-72. 

G0G04? 


L Ju 

cpu=l.o. 

: ccrm 


L > j 

UAG-93.S, 

f Cl. 04 2 


r .^a 

DTro.SS, 

PCG43 


{ 20 

PRIf.TI=5 .u, 

LCDC44 


L 1C 

SETi=bDC. , 

CCC04= 

ur.j 

L 92 

SET I=2tn.C, 

LGC f1 4^ 


U - ll 

KCASt$=25. J, 

r?U347 

NFw 

L J 2 

5TLPF= .TRUE 

. P004 J 

Fi E ■ 

L -12 

PM=src.o, 

r ccoyo 

NF » 

0^2 

T >'1 = 75.0, 

G0005Q 

hE* 

C 12 

PRINTI=1.0, 

cncosi 


UjG 

SENU 

■ 00057 

NEk 

C J2 

UNPUT 

-PC055 

NEW 

C32 

RP=SOO.G, 

r 00 C 5 4 


0 J? 

SETHIS. 0, 

C POO 5 5 

NE* 

- UC 

PP=8L0.G, 



L t't-056 


: :2 

i E NI- 

:-ncns7 

Nfk 

L*t2 

SI *JHJT 

CCD 0" 3 


. >2 

CM=19C0.0 

LOCOS 0 

NFv, 

: .2 

SETI=<* jG.O 

. CC063 

NEk 

: 

SETI=33.C, 

* nucsi 

KF 

2 

00* 3 f 

i PI' 06? 

r > k 

• t 

It 'it 

i C030? 

l.f. 


iiurut 

C. D6*J 

Kt'n 


R«=1S0C.0 

- C006S 

NE-i 

^2 

SETI -720.0 

CCGC66 

NE> 


6ETI=45.S, 

t CC06? 

NF ► 

on? 

Rt*=6Cn.C, 

: rc06*» 

r.F* 

L* 32 

SENO 

1 PC069 

hfn 

o::2 

SINPUT 

> O'. 070 

r<EW 

cr?2 

PH=20Q0 .0 

r r oo7 1 

Utk 

Ot‘2 

SET 1-960.0 

C0DQ72 

f*ru 

: 32 

SET I=6fj.C» 

L00073 

f*E* 

012 

PH- lb. 10. 0» 

t GC ','7‘1 

f.tw 

002 

IE NLi 

l 00075 
END ELT 

-15 

* 

cno 

eiPHO ( B 

. PPEP 

f URPUR 

0026 

-2V/1B 

-08:2u 



